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100 CLINTON AVE” SOUTH, XEROX An 1mag1'ng apparatus, such as used in a d1g1'tal camera or 
SQUARE, 20TH FLOOR scanner, 1nc1udes at least one photosensor chip. Each chip 
ROCHESTER, NY 14644 (Us) includes one line for conveying a signal causing an integra 

tion event of a selected subset of photosensors on the chip, 
(73) Assignee; Xerox Corporation the integration event being one of a starting or ending an 

integration period for the subset of photosensors. Each chip 
(21) Appl, NQ; 11/143,245 also includes at least tWo selection lines, for conveying a 

multi-bit code identifying the selected subset of photosen 
(22) Filed: Jun. 2, 2005 sors for the integration event. 
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SYSTEM FOR CONTROLLING IMAGE DATA 
READOUT FROM AN IMAGING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] Cross-reference is hereby made to the following 
co-pending US. patent application, assigned to the Assignee 
hereof, titled “System for Controlling lnetgration Times of 
Photosensors in an Imaging Device,” U.S. Ser. No. , 
(Attorney Docket No. 20040119-US-NP) being ?led simul 
taneously hereWith. 

INCORPORATION BY REFERENCE 

[0002] The following US. patents are hereby incorporated 
by reference in their entireties: 5,148,168 and 5,519,514. 

TECHNICAL FIELD 

[0003] The present disclosure relates to image scanning 
arrays in Which a set of photosensors are arranged in a linear 
array, such as for scanning of hard copy images for conver 
sion to digital data. 

BACKGROUND 

[0004] Image sensor arrays typically comprise a linear 
array of photosensors Which raster scan an image-bearing 
document and convert the microscopic image areas vieWed 
by each photosensor to video image signals. FolloWing an 
integration period, the image signal charges formed on the 
photosensors are ampli?ed and transferred as analog video 
signals to a common output line or bus through successively 
actuated multiplexing transistors. 

[0005] For high-performance image sensor arrays, one 
embodiment includes an array of photosensors of a Width 
comparable to the Width of a page being scanned, to permit 
imaging generally Without the use of reductive optics. In 
order to provide such a “full-Width” array, hoWever, rela 
tively large silicon structures must be used to de?ne the large 
number of photosensors. In one design, an array is made of 
tWenty silicon chips, butted end-to-end, each chip having 
248 active photosensors spaced at 400 photosensors per 
inch. Typically, the chips Which are butted to form the array 
are formed in a silicon Wafer, Which is then “diced” into a 
number of chips, Which are individually tested and then 
arranged into a bar shape. 

[0006] In a sensor array of this design, each of the chips 
is a separate integrated circuit. Typically, each chip has its 
oWn individual video output, for the doWnloading of image 
signals ultimately from the photosensors on that particular 
chip. When an image is being scanned, video signals are 
output from each chip at a very high rate as the original 
hard-copy image moves past the linear array of photosensors 
on the chip. Thus, if the intended resolution of the chip in a 
bar is 400 spots per inch, a line of video data must be output 
from the chip every time the original image moves lAtooth of 
an inch. 

[0007] An important concept With digital image scanners 
is “integration time.” The integration time is analogous to 
the opening and closing of the shutter of a ?lm camera: it is 
the time period in Which light from an image to be recorded 
is received. In the context of recording digital images, an 
integration time begins When a photosensor is set at a 
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predetermined reference charge level and light impinging on 
the photosensor is permitted to in?uence the charge; the 
integration time ends When received light no longer in?u 
ences the photosensor and the ?nal charge is loaded out of 
the photosensor as a video signal. US. Pat. No. 5,148,168 
gives a description of one embodiment of an image sensor 
in Which three sets of photosensors, one for each primary 
color, are used to record a full-color image. US. Pat. No. 
5,519,514 explains Why precise control of the integration 
times of each of the three primary-color sets of photosensors 
is important to resulting image quality in a hard-copy 
scanner. 

SUMMARY 

[0008] According to one aspect, there is provided a 
method of operating an imaging apparatus, the apparatus 
having a plurality of subsets of photosensors, comprising: 
sending to the apparatus an integration control signal, the 
integration control signal causing a change in integration 
state of a selected subset of photosensors; and sending to the 
apparatus a selection signal, the selection signal having at 
least tWo bits, the selection signal identifying the selected 
subset of photosensors. 

[0009] According to another aspect, there is provided an 
imaging apparatus, comprising a plurality of subsets of 
photosensors. At least one line accepts an integration control 
signal, the integration control signal causing a change in 
integration state of a selected subset of photosensors. At 
least tWo lines accept a selection signal, the selection signal 
having at least tWo parallel bits, the selection signal identi 
fying the selected subset of photosensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a plan vieW ofa portion ofa “full-Width 
array” input scanner as Would be used in office equipment 
such as a digital copier. 

[0011] FIG. 2 is a plan vieW of a photosensor chip in 
isolation. 

[0012] FIG. 3 is a simpli?ed timing diagram shoWing a 
typical operation of a chip for one cycle of operation. 

DETAILED DESCRIPTION 

[0013] FIG. 1 is a plan vieW ofa portion ofa “full-Width 
array” input scanner as Would be used in office equipment 
such as a digital copier. A set of photosensor chips, each 
indicated as 10, is arranged on a circuit board 100. Each chip 
10 includes a set of photosensors, as Will be described beloW. 
Together, the chips 10 on board 100 form one or more linear 
arrays of photosensors that extend a length comparable to 
the Width of an image-bearing sheet such as S e?fectively 
moving in a process direction P. The sheet S can move 
relative to the board 100 by being placed on a platen (not 
shoWn) relative to Which the board 100 moves; or the sheet 
S can be fed through a document handler (not shoWn). As the 
sheet S moves past board 100, a series of small areas on the 
sheet S re?ect light (from a source, not shoWn) into photo 
sensors on the chips 10. The chips 10 receive the re?ected 
light from sheet S and output image signals for subsequent 
recording and processing. 

[0014] FIG. 2 shoWs a photosensor chip 10 in isolation. In 
this embodiment, each chip 10 includes four linear arrays, or 
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roWs, of photosensors, labeled 20M (for monochrome), 20R 
(for red), 20G (for green) and 20B (for blue). Each array is 
provided With a translucent ?lter (not shown) that causes the 
array to be sensitive to a particular color or range of 
Wavelength. The monochrome array 20M is sensitive to light 
throughout the visible spectrum, and is useful When scan 
ning images for monochrome-only image data, as Would be 
useful, for example, in a monochrome copier or facsimile 
machine, or for optical character scanning. The photosensors 
may also be provided With other types of ?lters, such as for 
infrared blocking. 

[0015] In the present embodiment, for each “column” (as 
shoWn in the Figure) of one photosensor of each type 20M, 
20R, 20G, 20B, there is one output line to an output shift 
register 24. A general description of hoW multiple photo 
sensors in a column send signals over one line to a shift 

register is given in Us. Pat. No. 5,148,168 mentioned 
above. It Will be evident that each photosensor of each type 
20M, 20R, 20G, 20B in a column Will “look at” one small 
area of an image being recorded, to obtain full color image 
data about the small area. A description of hoW the action of 
multiple photosensors of di?ferent colors must be coordi 
nated is given in Us. Pat. No. 5,519,514 mentioned above. 
Once a “scanline” of digital image signals is loaded into shift 
register 24, the image data for that scanline is output from 
the chip 10, such as through line VOUT. 

[0016] When reading out video signals from various sub 
sets of photosensors, each photosensor undergoes di?ferent 
changes in its “integration state.” Brie?y, With any of various 
basic arrangements of photosensor design, When a predeter 
mined charge or potential level is placed on a photosensor, 
the photosensor enters an “integration period,” in Which any 
light falling on the photosensor is used to accumulate a 
charge on the photosensor. To end the integration period, 
another predetermined potential is placed on the photosen 
sor. Following the integration period, the accumulated 
charge, Which relates generally to the intensity of light 
having fallen on the photosensor during the integration 
period, is transferred olf the photosensor in a knoWn manner. 
As used herein, “changing the integration state” of a pho 
tosensor includes any instance in Which a potential or charge 
is placed on or is associated With a photosensor, to begin or 
end an integration period. 

[0017] In the present embodiment, di?ferent subsets of all 
photosensors on a chip such as 10 are controlled by signals 
originating olf the chip. Among these signals are signals to 
change an integration state of a selected subset of photo 
sensors, as Well as signals for identifying the selected subset 
of photosensors. If there are four or more selectable subsets 
of photosensors on a chip, such as in the four-roW color chip 
such as shoWn in FIG. 2, a structure and system for 
operating the chip can include, in this embodiment, a single 
line for conveying an “integration signal” causing the pho 
tosensor in a selected subset to change an integration state, 
either to begin or end an integration period; and a set of lines 
for conveying a parallel binary “selection signal,” identify 
ing the selected subset for changing the integration state 
thereof. In this Way a relatively small number of lines onto 
the chip such as 10 can be used to control the integration 
periods of each of a number of subsets of photosensors. (In 
the FIG. 1 embodiment, each chip 10 Will have its oWn 
integration signal line and selection lines; but other archi 
tectures are possible.) 
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[0018] As can be seen in FIG. 2, the controller 26 (Which 
need not be a discrete portion of the chip 10, as shoWn in the 
embodiment, but rather may re?ect capabilities that reside in 
various places on or olf chip 10) accepts four lines, each 
carrying a speci?c type of signal, from a control system olf 
the chip: a pixel clock (1)8, an integration control line IC, and 
in this case tWo “roW select” lines RS1 and RS0, Which are 
types of selection lines. The pixel clock (I)S is typically a 
constantly-running square Wave of a predetermined fre 
quency. The integration control line IC is a line bearing some 
type of integration signal (such as, but not limited to, a pulse, 
or a change in state) that causes the photosensors in a 
selected roW or other subset to have a change in integration 
state. The roW select lines RS1 and RS0 carry a tWo-bit 
parallel code identifying the subset to change in integration 
state in response to the next signal on the IC line. In the 
present embodiment, the tWo-bit parallel lines can thus 
select, by a binary code 00, 01, 10, or 11, one of the four 
roWs of photosensors 20M, 20R, 20G, 20B in the chip of 
FIG. 2. 

[0019] In a practical application, a change in integration 
state, as it directly a?fects the time in Which a particular 
photosensor “looks at” a small area on an image being 
scanned, is desired to occur at a precisely-predetermined 
time Within a cycle of operation. In the present embodiment, 
there is placed on lines RS1 and RS2 a signal (such as in the 
form of high and loW potentials on the lines) corresponding 
to the binary code of the next subset of photosensors to be 
instructed to undergo a change in integration state in the 
course of an operation cycle of the chip. For instance, if it 
is desired to start the integration period of the subset of 
photosensors identi?ed by the code 01, RS1 is set to 0 (loW), 
RSO is set to 1 (high), thus communicating the selection 
code 01 to controller 26. The controller 26 is designed to 
cause the change in integration state to the currently (or most 
recently) identi?ed subset of photosensors, in response to a 
predetermined type of signal (such as a pulse or change in 
state) on the integration control line IC. In one embodiment, 
the change in integration state simply means that if the 
selected subset of photosensors is currently in an integration 
period, the signal on the control line IC causes the integra 
tion period to stop, and vice-versa. 

[0020] FIG. 3 is a diagram shoWing the operation of chip 
10 in detail through an operational cycle of a four-roW chip 
such as 10 shoWn in FIG. 2. The pixel clock (I)S runs 
constantly, Which establishes the granularity of selected 
times for starting and stopping integration periods Within 
each operational cycle of the chip 10. The IC line changes 
state at di?ferent predetermined times during the operational 
cycle; as shoWn in the Figure, in this particular embodiment, 
When the IC line changes state as indicated by the clear 
boxes, the integration time of a selected subset is started, 
and, When the IC line changes state as indicated by the 
hatched boxes, the integration time of a selected subset is 
ended (taking into account, as shoWn, some delay in the 
operation of the circuitry on the chip causing the change in 
integration state). As further can be seen in the Figure, at 
some time prior to each change in state, the states of the roW 
select lines RSO, RS1 change. The combination of changes 
in state on the roW select lines and the IC line result in, as 
shoWn in the bottom portion of the Figure, beginnings and 
endings of integration times T INT (RS1, RSO) on selected 
subsets of photosensors 20M, 20R, 20G, 20B, as indicated. 
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[0021] As can be seen, using the basic selection system 
here described, the integration time of each subset of pho 
tosensors, or in this case roW of photosensors for a particular 
primary color, can be precisely controlled for its start time 
Within a cycle of operation, and also its duration; in other 
Words, each set of photosensors can be controlled as to When 
it starts “looking at” a set of small areas in an image being 
scanned, and for hoW long. The different roWs or subsets of 
photosensors become effectively independently control 
lable. 

[0022] There are different Ways in Which the controller 26 
can operate. In one method, the controller polls the roW 
select lines RS1 and RS0 in response to receiving a signal on 
the IC line, to ?nd out Which subset of photosensors should 
be controlled. In another method, the controller 26, in 
response to a change in the state of the roW select lines RS1 
and RS0, makes a connection to the neWly-identi?ed subset 
and then polls the IC line for the precise moment in Which 
the change in integration state is to occur. 

[0023] The selection arrangement as here described can 
also be used for effectively shutting off certain subsets of 
photosensors, by never selecting them in the course of a 
cycle of operation, such as to operate the scanning system in 
a monochrome mode. 

[0024] Although the present embodiment is directed 
toWard controlling the integration times of different-?ltered 
linear roWs of photosensors, the operating principle can be 
applied to controlling any kind of subsets of photosensors in 
an apparatus, such as in a tWo-dimensional photosensor 
array as Would be found in a digital camera. The different, 
effectively independently-controllable subsets could be 
related by color (such as to alter the color balance or other 
output of the apparatus); or by sub-area Within a the linear 
or tWo-dimensional array (in case only a portion of the array 
is desired to be used at a particular time). Photosensors of 
different selectable subsets could be commingled With each 
other Within the array, such as to enable “loW resolution” 
operation; i.e., in loW resolution only an evenly-distributed 
subset of photosensors in the array Would be read out. The 
overall system can also facilitate an array Wherein one 
subset of photosensors are effectively provided With a longer 
integration or exposure time than another commingled sub 
set: such an arrangement may be useful in improving the 
exposure latitude of a digital camera, such as to alloW taking 
a long-exposure picture and a short-exposure picture simul 
taneously. 
[0025] The claims, as originally presented and as they may 
be amended, encompass variations, alternatives, modi?ca 
tions, improvements, equivalents, and substantial equiva 
lents of the embodiments and teachings disclosed herein, 
including those that are presently unforeseen or unappreci 
ated, and that, for example, may arise from applicants/ 
patentees and others. 

1. A method of operating an imaging apparatus, the 
apparatus having a plurality of subsets of photosensors, 
comprising: 

sending to the apparatus an integration control signal, the 
integration control signal causing a change in integra 
tion state of a selected subset of photosensors; and 
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sending to the apparatus a selection signal, the selection 
signal having at least tWo bits, the selection signal 
identifying the selected subset of photosensors. 

2. The method of claim 1, further comprising 

in response to receiving the integration control signal, 
polling a status of a most recent selection signal. 

3. The method of claim 1, further comprising 

in response to receiving the selection signal, polling a 
status of a most recent integration control signal. 

4. The method of claim 1, the integration signal capable 
of causing a beginning or an ending of an integration period 
for the selected subset of photosensors. 

5. The method of claim 1, each subset of photosensors 
being sensitive to a predetermined range of Wavelength. 

6. The method of claim 1, each subset of photosensors 
being arranged in a linear array. 

7. The method of claim 1, the selection signal having at 
least tWo parallel bits. 

8. The method of claim 1, the imaging apparatus com 
prising at least one chip, the chip having one line for 
accepting the integration control signal. 

9. The method of claim 1, the imaging apparatus com 
prising at least one chip, the chip having at least tWo lines 
for accepting the selection signal. 

10. The method of claim 1, the imaging apparatus com 
prising a plurality of chips, each chip having one line for 
accepting the integration control signal. 

11. The method of claim 1, the imaging apparatus com 
prising a plurality of chips, each chip having at least tWo 
lines for accepting the selection signal. 

12. An imaging apparatus, comprising: 

a plurality of subsets of photosensors, 

at least one line for accepting an integration control 
signal, the integration control signal causing a change 
in integration state of a selected subset of photosensors; 
and 

at least tWo lines for accepting a selection signal, the 
selection signal having at least tWo parallel bits, the 
selection signal identifying the selected subset of pho 
tosensors. 

13. The apparatus of claim 12, the integration signal 
capable of causing a beginning or an ending of an integration 
period for the selected subset of photosensors. 

14. The apparatus of claim 12, each subset of photosen 
sors being sensitive to a predetermined range of Wavelength. 

15. The apparatus of claim 12, each subset of photosen 
sors being arranged in a linear array. 

16. The apparatus of claim 12, Wherein at least one subset 
of photosensors and the line for accepting the integration 
control signal are disposed on one chip. 

17. The apparatus of claim 12, the apparatus comprising 
a plurality of chips, each chip having at least one subset of 
photosensors. 

18. The apparatus of claim 12, the apparatus comprising 
a plurality of chips, each chip having a line for accepting the 
integration control signal. 

* * * * * 


